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Abstract
Background: An increased awareness of the health benefits of walking has emerged with the development and
refinement of accelerometer equipment. Evidence is beginning to highlight the value of promoting walking,
particularly focusing on the Japanese mark of obtaining 10,000 steps per day. Workplace based step challenges
have become popular to engage large cohorts in increasing their daily physical activity in a sustainable and
enjoyable way. Findings are now highlighting the positive health effects of these medium-term programs (typically
conducted over a few months) in terms of cardiovascular health, reducing diabetes risk and improving lifestyle
factors such as weight and blood pressure. As yet, research has not focused on whether similar improvements in
psychological health and wellbeing are present.
Methods: This study investigated the impact of a 100-day, 10,000 step program on signs of depression, anxiety and
stress as well as general wellbeing using standardised psychological scales.
Results: The results indicated a small but consistent effect on all of these measures of mental health over the term
of the program. This effect appeared irrespective of whether a person reached the 10,000 step mark.
Conclusions: These results highlight improved mental health and wellbeing in people undertaking this 100-day
10,000 step program and indicates the efficacy and potential of these programs for a modest, yet important
improvement in mental health. Notably, targets reached may be less important than participation itself.
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Background
By 2030, mental illness is projected to cost the global
community over US$ 6 T [1]. This places mental
illnesses impacts above cardiovascular disease, chronic re-
spiratory disease, cancer and diabetes [1]. People experien-
cing mental illness are also known to be at a much higher
risk for morbidity and early mortality from physical health
issues than the general population [2]. This risk may be
further exacerbated by the medications utilised in the
treatment of these illnesses [2, 3]. Associated with this
high treatment cost is the emerging equity and access
issue in low income countries associated with psychiatric
disability or sub syndromal functional decline. In these
contexts, 75%–85% of people with mental health issues
are untreated [4]. Paired with a shortfall of mental health
specialists in low and middle income countries [5], these
data point to the importance of primary prevention and
population level interventions to improve mental health
and wellbeing. Physical activity (PA) has become an
increasingly important focus in the prevention of non-
communicable diseases, yet these strategies are often
underutilised in the mental illness (and mental health)
domain [6–8]. Epidemiological studies demonstrate that
adequate PA is associated with fewer depressive symptoms
[9], and conversely, the development of depressive
symptoms many result from insufficient PA [10]. Four
Cochrane Database Systematic reviews, titled “Exercise
and Depression”, have been undertaken in the past
10 years. The most recent of these meta-analyses showed
that in clinically depressed individuals, exercise has a
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moderate effect on symptoms of depression, highlighting
its place as an adjunct treatment option [11].
Physical activity likely exerts its impact on mood via
reducing the activity of the sympathetic nervous system
and associated hypothalamic-pituitary-adrenal axis re-
activity in the brain [12]. In terms of monoaminergic
activity, animal models highlight the role of exercise in
increasing both serotonin and noradrenalin levels in the
brain in a similar fashion to antidepressant medications
[13]. On a clinical level, this serotonergic activity may
explain why exercise is as effective as serotonergic fo-
cused antidepressant medications for mild to moderate
symptoms [14]. Evidence also indicates increased brain
derived neurotrophic factor (BDNF) levels associated
with single sessions of exercise that improve further with
regular exercise. This increased BDNF level is associated
with both cognitive and mood improvements in the
brain and behaviour [15]. Smits and colleagues (2008)
have demonstrated that with as little as six, 20 min ses-
sions of treadmill exercise (at 70% maximum health rate)
over two weeks has a positive impact on mood factors
such as anxiety [16]. It is clear that promoting PA for
both clinical and sub-clinical mood disturbance is a
valuable goal.
Stress is a precipitating factor in susceptibility and ex-
acerbation of mental health issues. Stress is more com-
monly experienced than depression and anxiety and is
associated both with poorer mental health and wellbeing,
an important linkage as wellbeing itself is associated with
better physical and psychological health over the lifespan
[17]. Notably, stress is very responsive to PA [18] and
regularly engaging in PA has been recommended by many
government and health authorities for improving mental
and physical health and wellbeing [19, 20].
The World Health Organisation [21] has identified a
valuable role for workplace based interventions in
improving the health of the whole workforce. Pedometer
based programs can significantly improve physical
activity and physical health including reducing sitting
time, reducing weight, improving blood lipid levels and
reduced diabetes risk indicators [22–24]. Glance and
colleagues [24] have also indicated an improvement in
wellbeing, implying an impact on stress levels in partici-
pants. Within step challenge programs, the 10,000 step
goal roughly equate to 8 km of walking per day (around
1.5 to 2 h of walking). This level of activity well exceeds
the WHO Global Strategy on Physical Health, Diet and
Activity recommendations of 150 min of moderate phys-
ical activity per week [25]. Despite clear physical im-
provements associated with 10,000 step programs, to
date no research has investigated possible important
impacts of these workplace programs or the 10,000 daily
step benchmark on the psychological factors of well-
being, stress, anxiety and depression. Whether 10,000
steps are sufficient to elicit changes in these (perhaps
more complex) psychological domains remains unknown
at this time [26].
The aim of this investigation was to assess the impact
of a 100-day workplace based 10,000 step challenge on
mental health and wellbeing in an international work-
place community sample. Based on evidence indicating
positive physical health effects from 10,000 step pro-
grams four hypotheses were developed. Firstly, it was
hypothesised that participants involved in a 10,000 step
program for 100 days would see benefits in their levels
of depression, anxiety and stress and consequent im-
provements in wellbeing scores. Further, it was hypothe-
sised that increasing amounts of exercise in these
programs would lead to improved outcomes on these.
Thirdly it was hypothesised that those who on average
completed more than 10,000 steps per day throughout
(the recommended level for these programs) would per-
form better in terms of mental health and wellbeing than
those who did not reach this threshold. Finally, it was
hypothesised that when controlling for demographic factors
of age and gender, this improved outcome in people who
engaged in more stepping exercise would be maintained.
Methods
Participants
Of the 2379 respondents who consented to participate in
this research, 1963 participants made up the final sample
size. This number accounted for 416 who either did not
complete 70% of the 100-day challenge or those who did
not complete the demographic or mental health survey.
Materials
Stepathlon is a company headquartered in Mumbai,
India running globally organized team-based walking
programs at participating workplaces. Stepathlon has
also offices in Australia where the workplace health and
wellbeing policies are developed. Hence, the study sam-
ple are predominantly from these two countries.
Through the Stepathlon corporate challenge (http://
www.stepathlon.com), routine data are obtained relating
to age, gender, location and daily step counts as re-
corded by participants on a password protected website
based on readings from pedometer (clip-on) or other fit-
ness monitors (e.g. wrist accelerometer). On completion of
the 100-day step challenge in 2015 and 2016, digital assets
management staff of Stepathlon extracted de-identified
data from their server and provided this de-identified data-
base to Victoria University as per research agreement.
Symptoms of depression, anxiety and stress were
assessed using the short form of the Depression, Anxiety
Stress Scales (DASS [27]). The short form DASS is a
21-item, self-report, symptom-oriented measure consist-
ing of three sub scales: Depression, Anxiety and Stress.
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Participants rated their experience of each indicator across
a four-point frequency (from 0 [did not apply to me at all]
to 3 [applies very much to me or most of the time]). The
DASS has strong construct validity [28], adequate discrim-
inant and convergent validity [27] and internal consistency
(Cronbach’s α of 0.96, 0.89, 0.93 for the depression,
anxiety and stress subscales respectively [29]). It has
strong factor structure in both non-clinical [27] and
clinical samples [29].
The Warwick-Edinburgh Mental Wellbeing Scale
(WEMWBS) is a 14-item measure rated on a 1–5 scale
(from ‘none of the time’ to ‘all of the time’). The scale
focuses on positive elements of wellbeing and is posi-
tively worded throughout. The scale provides a one fac-
tor model for measuring wellbeing [30, 31]. The
WEMWBS shows strong criterion validity with the
WHO Wellbeing Index-5, Positive and Negative Affect
Schedule and is negatively correlated with the General
Health Questionnaire-12 measure of mental ill health
[30]. Finally, internal consistency (Cronbach’s α = 0.91)
and one-week test-retest reliability (0.83) of the scale
were strong [30].
Procedure
Participants were recruited from the established inter-
national Stepathlon program. This workplace activity
challenge was promoted at participating sites via posters,
e-flyers, and through engagement of senior management
through visits to sites by health & wellbeing managers.
Participants of this workplace activity challenge were
provided with a participant information and consent forms
inviting them to this research charting the impacts of the
10,000 step challenge on their mental health and wellbeing.
The project was approved by the Victoria University
Human Research Ethics Committee (HRE15–168). All par-
ticipants completed the standard demographics question-
naire and logged their daily step count for as many of
100 days during the challenge. Participants could use their
own pedometer, or activity monitoring device throughout
the challenge and recorded their daily totals via the
Stepathlon user portal. Through this portal they received
regular newsletters, updates and motivational articles for
the duration of the challenge. In addition to the standard
step challenge package, consenting participants completed
a pre-and post 100-day challenge questionnaire regarding
their mental health using the DASS-21 and WEMWBS
questionnaires in English.
Design
The results of the study were analysed using a number
of repeated measures ANOVAs. Firstly, the data were
assessed to see if there were overall changes in mood
and wellbeing from pre to post testing over the activity
challenge. Following this, a repeated measures ANOVA
focusing on the 10,000 step threshold (between subjects
factor) and change over time (within subjects factor) was
used to evaluate the 10,000 step criterion. Further, a
series of Pearson product moment correlation coeffi-
cients were utilised to assess overall relationships
between number of steps completed on average by par-
ticipants and changes in mental health and wellbeing
scores. Finally, a repeated measures ANCOVA was
utilised to assess the factors in the 10,000 steps over
time but covarying for age and gender. All analysis was
conducted in SPSS version 21.
Results
The final sample of 1963 participants was screened for
univariate outliers via box plot analysis on the outcome
scales. Data inspection indicated no outliers (+ 2 SD) in
the sample, presumably due to the large sample size.
Data were assessed for the assumptions of normality and
skewness. The data did not violate the assumptions of
asymmetry and kurtosis of ±2 using threshold defined
by Field [32]. Tests of within subject violations of the as-
sumption of sphericity indicated no violations of this
measure, hence parametric analysis was appropriate for
the within subjects analysis. Finally, violation of the as-
sumption of homogeneity was assessed using Levene’s
equality of error variance estimates. Due to the large
sample size in the study, the Levene’s significant level
was adjusted to 0.001 as per the recommendations of
Warner [33]. The results after correction showed no vio-
lations of homogeneity of variance, hence parametric
analysis was used for all statistical analysis.
Demographics
The final sample represented 1458 males and 505 fe-
males who ranged in age from 16 to 74 years (M = 36.6,
SD = 8.9). Participants represented numerous countries
of origin with the majority being from India (n = 1610)
and Australia (n = 227) along with 21 other countries.
Change in mental health and wellbeing over 100 day
challenge
A repeated measures ANOVA demonstrated improve-
ments on all measures of the DASS over the 100-day
challenge period. This included a significant 7.6% im-
provement in levels of depressive symptoms based on a
reduction from an average of 4.59 (S.D. = 3.52) to 4.24
(S.D. = 3.44), F(1, 1962) = 67.385, p < .001, η2 = .033,
power = 1.0. In relation to anxious symptoms, the data
showed a 5.04% improvement after the 100 day challenge,
reducing from an average of 4.56 (S.D. = 3.13) to 4.33
(S.D. = 3.08), F(1, 1962) = 34.416, p < .001, η2 = .0017,
power = 1.0. Stress symptoms were the most responsive to
the 100-day challenge with the data showing an 8.96%
improvement in stress levels on the DSS following the
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program. This equated to a reduction from an average of
5.47 (S.D. = 3.19) to 4.98 (S.D. = 3.05), F(1, 1962) = 117.593,
p < .001, η2 = .057, power = 1.0. Finally, there was a 2.13%
improvement in overall wellbeing on the WEMWBS, asso-
ciated with an increase in average wellbeing scores from
50.01 (S.D. = 10.29) to 51.08 (S.D. = 10.45), F(1, 1962) =
103.555, p < .001, η2 = .050, power = 1.0.
Relationship between mental health and wellbeing score
changes and average amount of walking
To investigate if these clear mental health improvements
over the challenge were associated with increasing levels
of walking exercise a series of correlation analyses were
conducted contrasting change scores on each of these
measures from pre to post testing versus the average
number of steps taken per day. The results indicated no
significant overall correlations between average steps and
depression (r2 = − 0.026, p = .254), anxiety (r2 = −.029,
p = .205), stress (r2 = −.026, p = .247) and WEMWBS
(r2 = .026, p = .256). While all measures trend in the dir-
ection of improvement with increasing steps, it is notable
that the range (2775 average steps to 112,831 average
steps) of steps taken on average varied markedly, impact-
ing clear correlations.
Do people who walk over 10,000 steps on average have
greater improvements in mental health and wellbeing?
It is contended in 10,000 step programs that reaching
10,000 steps has a certain significance for participants.
This “stepping goal” was assessed to elucidate any mean-
ingful differences between those who reached less than
or greater than this goal on average across the program.
This research question was assessed with a repeated
measures ANOVA that compared the between subject
factor of number of steps (less than 10,000 versus equal
to or more than 10,000 steps). These results are depicted
in Table 1.
The results highlighted an interaction effect between
group (less than 10,000 steps versus 10,000 or more
steps) and time (pre and post testing) for DASS stress
(F [1, 1961] = 3.982, p = .046, η2 = .002, power = .514) with
the participants who completed equal to or more than
10,000 steps showing a 10.13% improvement in stress
levels whilst the individuals who completed less than
10,000 steps daily only achieved a 5.36% improvement.
Likewise, the interaction effect around anxiety showed
that those who completed equal to or more than 10,000
steps daily had a significantly better improvement in
anxiety over the challenge, improving their anxiety levels
by 5.89% versus only 1.34% for those who completed less
than 10,000 steps. (F [1, 1961] = 5.421, p < .001, η2 = .003,
power = .643). Interaction effects for depression and over-
all wellbeing scores were not evident in the analysis.
Finally, between subjects differences profiling overall
levels of psychological distress and wellbeing in those who
did less than 10,000 steps on average versus those who did
more showed that the participants in the greater than
10,000 steps group had better scores on wellbeing,
F(1, 1961) = 4.017, p = .045, η2 = .002, power = .517,
and stress levels, F(1, 1961) = 21.795, p < .001, η2 = .011,
power = .997. There were no overall differences in anxiety,
F(1, 1961) = .001, p = .975, η2 = .000, power = .050 and de-
pression scores, F (1, 1961) = 1.876, p = .171, η2 = .001,
power = .278.
Do 10,000 step differences remain when age and gender
are accounted for?
A final analysis was conducted to see if adding demo-
graphic factors other than the 10,000 steps model
impacted the importance of meeting this threshold in
relation to mental health and wellbeing. Gender was
divided into male and female participants whilst age was
categorised as 18–30 years (n = 519), 31–45 years (1096),
46–60 years (n = 292) and 60 plus (n = 24 years). This
analysis continued to use pre and post-depression/
anxiety/stress and WEMWBS levels as the within sub-
jects factors and now included threshold (i.e. more or less
than 10,000 steps achieved on average) as the between
subjects factor as above. Gender and age were covariates
in the model.
The ANCOVA analysis of depression continued to re-
flect no significant change in depression levels over time
(within subjects factor) whilst gender and age category
were both significant between subjects predictors of de-
pression scores overall, F (1, 1927) =13.402, p < .001,
eta2 = .007, power .955 and F (1, 1927) =22.725, p < .001,
eta2 = .012, power = .997 respectively. Whether people
had reached 10,000 steps daily on average had no added
significant effects. Finally, there were no interaction
effects with the between subjects covariates and the
Table 1 Change in mental state and wellbeing scores across 100-day challenge based on participant’s average 10,000 step goal
Depression Anxiety Stress WEMWBS
Pre Post Pre Post Pre Post Pre Post
< 10,000 steps (n = 435) 4.72(0.17) 4.49(0.16) 4.47(0.15) 4.41(0.15) 5.97(0.16) 5.65(0.15) 49.30(0.47) 50.08(0.47)
≥ 10,000 steps (n = 1528) 4.55(0.10) 4.17(0.09) 4.58(0.08) 4.31(0.08) 5.33(0.08) 4.79(0.08) 50.22(0.27) 51.37(0.27)
Change over time F(1, 1961) = 62.462,
p < .001, η2 = 0.031
F(1, 1961) = 12.831,
p < .001, η2 = 0.007
F(1, 1961) = 62.462,
p < .001, η2 = 0.031
F(1, 1961) = 58.47,
p < .001, η2 = 0.029
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10,000 step threshold factor and change in depression
levels over time.
The ANCOVA analysis of anxiety again revealed the
overall decrease in anxiety over the challenge but no sig-
nificant interactions between age, gender or the 10,000
step threshold in the changes observed in the within
subjects analysis. In terms of between subjects effects of
the threshold measure and the covariates of age and
gender, the results highlight an overall impact of the age
covariate, F(1,1927) = 52.363, p < .001, eta2 = .026, power
= 1 but no significant impacts from whether people
achieve the 10,000 step threshold or their gender.
The ANCOVA related to stress highlighted that with
the fuller model, the former significant change over time
was no longer observable. Further, there were no signifi-
cant interaction effects in relation to stress changes for
whether people reached the 10,000 step threshold or re-
lated to the covariates age and gender. The between sub-
jects analysis highlighted that age and whether people
walked over 10,000 had significant impacts on stress
levels. in terms of overall stress levels, both age and gen-
der impacted, F(1,1927) = 13.707, p < .001, eta2.007,
power = .959 and F(1,1927) = 23.616, p < .001, eta2 = .012,
power = .998. Notably, the participants who were in the
group that had averaged over 10,000 steps were those
with lower stress levels overall.
Finally, wellbeing scores were assessed. The data from
the WEMWBS indicated that the wellbeing scores were
unchanged by participation in the program overall and
there were no significant interactions between other fac-
tors and the results on this scale. Both covariates showed
impacts on the between subjects results of the WEMWBS
including those for gender, F(1,1927) = 56.608), p < .001,
eta2 = .004, power = 1.0 and age F(1,1927)7.315, p = .007,
eta2 = .004, power = .771. Notably, being in the above the
10,000 step threshold group did not infer any differences.
Discussion
The results of this study highlight some psychological and
wellbeing benefits of being engaged in work based 10,000
step programs. This effect appeared irrespective of the aver-
age number of steps achieved by the person over the pro-
gram period. Mental health is related to a range of
biopsychosocial factors and as a result a range of interven-
tions and approaches may make up sustaining good mental
health. This study demonstrated that engaging in a work-
place based step program improved stress levels by 8.9%,
signs of depression by 7.6%, anxiety by 5.0% and wellbeing
by 2.1% from baseline. This reinforces the benefits of this
type of exercise regimen as playing a small yet significant
role in improving mental as well as physical health. It is
notable that when considering the role of the 10,000 step
threshold as a significant number to improve people on
these psychological factors, there is little evidence from
this study that this number holds any significant value.
Further, evidence indicates that even the most basic
demographic variables such as gender and age can impact
the outcomes of this number of steps, again reinforcing
the complex biopsychosocial milieu that makes up mental
health and wellbeing.
The lack of a dose response highlights there may be
multiple factors that lead to improvements associated with
these programs outside activity level per se. This may
include the enjoyment and connection obtained from
meaningful group participation, teamwork, improved
friendship, interpersonal support and networking that has
been shown to significantly improve mental health and
wellbeing [34]. Further, health promoting activities often
lead to other behavioural change (e.g. improved diet) to
potentially further improve outcomes. The goal of these
public health campaign approaches is exactly this, the cre-
ation of a gestalt (i.e. the end result being more than just
the parts, e.g. doing 10,000 steps specifically) of external
and internal change to improve both individual and col-
lective group health. Further research into this cohort
needs to explore which combination of internal and exter-
nal factors most predict successful behavioural change in
work based programs. A limitation of this study is the lack
of follow-up after the program has ceased to see if mental
health gains and behavioural change have been main-
tained or if they only exist within the workplace challenge.
Put plainly, 10,000 steps is not a magic number for the
gains in mental health and wellbeing we observed but be-
ing part of a health program is clearly positive for mental
health and wellbeing by the end of a program.
This workplace health challenge highlights the mental
health benefits in a similar way to physical health bene-
fits of these programs. This shows a greater impact than
previously demonstrated. Mental health and wellbeing
issues play a significant part in absenteeism, reduced
productivity and overall decreased quality of life for
many individuals. Cost savings for workplaces in terms
of mental health are evident with these programs. In
combination with other workplace mental health initia-
tives, these may contribute to the suite of different re-
sources and approaches that improve mental health for
those with sub threshold concerns and potentially some
benefit for those with more serious mental health issues.
This spectrum also requires further investigation.
Evidence indicates that workplace based health promo-
tion programs reduce absenteeism and organisational
health care expenditure as described in a systematic re-
view of interventions in large US based firms with an
average program duration of 3 years: there the average
employee health care costs fell by US$ 3.3 for every 1$
spent on employee wellness programs [35]. However, the
real value of workplace wellness programs should in-
clude outcomes beyond financial or economic factors,
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such as physical and mental health, quality of life and
other, non-health related factors that improve employee
wellbeing, satisfaction and reduce turnover [36].
Our research benefited from a large sample size of
participants across a number of countries to fully assess
the hypotheses. In terms of limitations, this study did
not record diagnoses of mental health issues (including
depression and anxiety) which would further elucidate
the impact of the program on clinical levels of distress.
Secondly, the research did not report on the individual’s
overall level of activity. This may have been an import-
ant consideration as there are clearly individuals who
were more active before commencing the program.
Ideally this would be co-varied in future studies. Further,
all activity levels are self-report and, as participants were
involved in the challenge as teams, the data may reflect
social desirability biases. Finally, longitudinal follow up
of whether people continue to exercise and experience
mental health benefits after participating in a workplace
based activity challenge needs to be explored to ascertain
the sustainability and return of investments of such work-
place wellbeing programs. An eight-months follow-up
evaluation after a comparable 4-months pedometer-based
workplace health program has demonstrated sustained
improvement in chronic disease risk factors indicating
that such programs can have a long-term benefit [37].
Conclusions
The increasing prevalence of non-communicable dis-
eases such as mental ill health has heightened the need
to change lifestyle behaviours and increase physical ac-
tivity. With most adults spending at least half of their
life working, the workplace is an important setting for
promoting mental health and wellbeing change [38]. The
results of this research indicate that 10,000 step chal-
lenges may significantly and meaningfully improve men-
tal health and wellbeing through simple and inexpensive
workplace based interventions.
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